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C-MISSION (205/ 101) NAVIGATION ERROR ANALYSIS 

By S. A. Fieglein 

Navigation Analysis Section 

TRW Systems Group 

I. SUMMARY 

An e r r o r  analysis of simulated observations by Manned Space Flight 
Network stations and the onboard sextant has  been performed in  o rde r  to 
determine the accuracy of the real-t ime and onboard orbi t  determination 
programs I solutions at specific t imes during the C -mission. 
uncertainties in  the CSM/S-IVB position and velocity vectors  are presented 
during the interval f rom the phasing maneuver to the end of the CSM/S-IVB 
rendezvous. 
either a docked vehicle (CSM/S-IVB) o r  only the CSM. 
are presented at the burn initiation t imes during all phases of the 
C -mission. 

Relative 

During other phases of the mission, the MSFN is tracking 
Estimated e r r o r s  

During the rendezvous sequence, the rnaxicxrr? t h r e e  sigma uncer-  
tainties! as deficcd in illis study, in the estimated relative position and 
velocity magnitude occur at NCC -1  (I. 6 nautical miles  in position and 
11. 7 feet  p e r  second in velocity). 
the three sigma uncertainties in the position and velocity magnitude of the 
CSM a r e  less than 0. 5 nautical mile and 3 feet pe r  second, respectively. 

A t  initiation of the remaining SPS burns, 



2. INTRODUCTION 

. 

The purpose of this analysis is to compute an estimate of the accu- 
racy with which the C-mission trajectories can be computed from the 
MSFN and onboard tracking data. This information is used to support a 
complete dispersion analysis for  the C -mission which computes an es t i -  
mate  of the fuel required. 
and filtering techniques which may be employed either onboard o r  on the 
ground. 

The analysis simulates the data incorporation 

The computer program's used for  the analysis a r e  described below: 

a )  TAPP IV generates an integrated t ra jectory which matches the 
reference t ra jectory described in Reference 1; performs a complete 
tracking simulation of the mission including the generation of vehicle rise - 
se t  t imes and tracking information mat r ices  when given input tracking 
stations, their  associated data types and rates ,  and the t ra jectory 
( Reference 3 ) ;  and generates coordinate transformation and state t rans i -  
tion matrices.  

b )  FASTAP I processes  the TAPP JY tapes for two vehicles and 
forms a tape containing all  information, s ta te  transition and coordinate 
transformation mat r ices  for the mission. 

c )  MOFIT uses the information from the FASTAP I tape to compute 
the accuracies using a l inear e r r o r  analysis technique. 

F o r  a l l  of the analysis, it was assumed that the real- t ime orbit  
determination scheme solved for  three components of position and three 
components of velocity. 

2. 1 E r r o r  Model 

The e r r o r  sources  considered in the generation of the ground t rack-  
ing information mat r ices  a r e  the uncertainties in  the drag k-factor and the 
ear th ' s  gravitational constant, the uncertainties in station location for  each 
station, and the noise and bias on each data type. 
onboard measurements include uncertainties in the drag k-factor, the 
earth's gravitational constant, the position and velocity of the S-IVB and 
the position and velocity of the CSM, platform misalignment, platform 
drif t ,  and the noise and bias on each data type. 
2, 4, and 5) list the one sigma ( l a )  values of the systematic e r r o r s  and the 
noise value ( i u )  for ground and onboard data, respectively. 

The e r r o r  sources  for  

Tables I and I1 (References 
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2. 2 Tracking Data Descriptions 

Simultaneous tracking for  short  intervals during the C -mission by 
two o r  more  stations is operationally feasible. * However, for  this analy- 
sis the selection of the stations used to simulate the tracking was limited 
by the cri terion that two o r  m o r e  stations cannot t rack simultaneously. 
Therefore,  at t imes when the vehicle would be visible to severa l  stations, 
the station which would view the vehicle f o r  the longest t ime is designated 
to track. A minimum elevation angle of five degrees was assumed for  a l l  
ground -based stations. 

The C-band stations were used to t rack the S-IVB and received range, 
azimuth angle, and elevation angle measurements at the ra te  of one set of 
measurements  per  6 seconds. 
received two-way doppler and angle ( X / Y )  measurements a t  the ra te  of one 
measurement  set  per  6 seconds. 
ing was simulated, the sextant was used as a high resolution telescope 
measuring a set  of shaft and trunnion angles every 75 seconds. , 

The S-band stations tracked the CSM and 

During the periods when onboard t rack-  

The loss of tracking data due to tracking a tumbling S-IVB was not 
simulated in this analysis, however, a large a r e a  for the S-IVB was 
chosen to simulate the drag effects on a tumbling vehicle. Previous navi- 
gation studies conducted by MSC indicate that degraded tracking caused by 
S-IVB tumbling should not significantly affect orbit determination accu- 
racy. 

2 . 3  Mission Description and Tracking Schedule 

The description of the mission will be discussed in three phases: 

Phase  I: Insertion to initial phasing maneuver 

Phase  II: Rendezvous sequence 

Phase  IZI: SPS burn 3 to reentry 

Figure 1 is an event schedule which presents  the order  of the update and 
maneuvers. 

2. 3.  1 Phase I. - The reference o r  lift-off date for this study is 
1 August 1968, 17 hours,  Greenwich mean time. 
is inserted into orbit and coasts until I hour 3 4  minutes, g. e. t . ,  at which 
time there  is an  S-IVB vent maneuver. 
2 hours  55 minutes, g. e. t . ,  at which time the S-IVB and CSM a r e  sepa-  
rated. At 3 hours 3 1  minutes, g. e. t . ,  the CSM performs a smal l  RCS 
phasing maneuver; a ground update is sent f rom Bermuda a t  3 hours  
10 minutes, g. e. t. 

The docked configuration 

The vehicle then coasts until 

* 
Simultaneous tracking is feasible in  that a C-band station m a y  skin t rack 

the vehicle while an  S-band station i s  tracking; two mas te r  stations cannot 
t rack simultaneous ly. 

4 



. 

. 

During the first pa r t  of this phase, USB stations a r e  used to t rack 
the docked configuration. 
USB stations; the S-IVR will be tracked by C -band stations. 

Subsequent to separation, the CSM is tracked by 

Figure 2 is a bar  graph of tracking visibility during Phase  I. 

2 . 3 .  2 Phase  11. - 
26  hours 18 minutes, E. 
update for NCC- 1 which 

The rendezvous maneuvers begin with NCC-1 a t  
e. t. 
is sent from BDA a t  25 hours 36 minutes, g. e. t. 

Another ground update is assumed sent  f rom ANT at 27 hours  15 minutes, 
g. e. t . ,  to determine the need for an  NCC-2 maneuver. Since NCC- 1 and 
NSR a r e  coupled burns,  no update was assumed pr ior  to the NSR maneu- 
ver. Vehicle-to-vehicle sextant measurements are  taken to determine the 
time of TPI and the midcourse correction (MCC) burn. 
graph of the MSFN tracking schedule during Phase  11. 

8 

Tracking begins three revolution pr ior  to the 

Figure 3 is a bar  

Since the onboard computer completely neglects the effects of drag, 
a 100 percent bias in the acceleration due to drag  was considered. In this 
analysis , the nonzero mean (which accounts for  this bias) associated with 
the covariance matr ices  formed using onboard data has  been calculated. 
These means associated with the covariance mat r ices  a r e  given in  Table V. 
F o r  this analysis sixteen marks  of sextant data a r e  taken between NSR and 
TPI; seven marks  a r e  taken between TPI  and MCC. 

2 . 3 .  3 Phase  III. - The remainder of the mission is a s e r i e s  of SPS 
burns beginning with the t h i r d  SPS burn a t  3 days 23 hours 3 6  minutes, 
g. e. t . ,  and ending with reentry. F o r  each SPS burn, tracking begins 
three revolutions prier tc the tkiie ul update for  the burn. 

The update fo r  the 3rd SPS burn was assumed to be sent f rom CNB 
at 3 days 23 hours 2 minutes, g. e. t. ; for the 4th SPS burn f rom HAW a t  
5 days 0 hours 46 minutes, g. e. t. ; fo r  the 5th SPS burn from HAW at 
7 days 1 hour 6 minutes, g. e. t. ; for the 6th SPS burn from CNB a t  10 days 
18 hours 31 minutes, g.  e. t. ; for the 7th SPS burn from CNB at 9 days 20 
hours  6 minutes, g. e. t. ; for  the 8th SPS burn f rom CNB at 10 days 18 
hours 31 minutes, g. e. t. There is no time for  a tracking update pr ior  to 
reentry; however, the ground continues to track the spacecraft. The 
uncertainties presented for reentry target  conditions a r e  the uncertainties 
calculated pr ior  to the 8th SPS burn propagated to nominal time of reentry. 
The uncertainties presented for the ground's knowledge of reentry a r e  
computed using the tracking data taken between the 8th SPS burn and reen- 
try.  
111. 

Figure 4 contains bar  graphs of the tracking visibility during Phase 

5 



3. RESULTS 

The values presented in Table 111 for the uncertainties in the magni- 
tudes of the estimated relative position and velocity vectors a r e  defined a s  
three sigma uncertainties. 
square root of the sum of the variances of each component of the relative 
vector and then multiplying the resulting value by three. 

These values were  calculated by taking the 

The uncertainties in the three components of position and the three 
components of velocity, which a r e  presented in  Table IV, a r e  associated 
with a gaussian distribution of z e r o  mean, except for  the uncertainties 
l isted for the TPI and MCC maneuvers. 
onboard, the means a r e  nonzero (Section 2.  3 ,  Mission Description and 
Tracking Schedule). 
covariance mat r ices  in Table V. 

Since TPI  and MCC a r e  computed 

These means a r e  l is ted with the associated 
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4. CONCLUSIONS 

1. The largest  relative uncertainties a r e  in the downrange position 
component and radial  velocity component during the rendezvous phase. 
These large uncertainties a r e  chiefly due to the 10 percent drag uncer-  
tainty associated with the S-IVB where drag i s  acting over an a r e a  of 
1400 square feet. 

2. The ground tracking network coverage appears adequate for  p e r -  
forming all maneuvers;  i t  is noted that good stateside coverage is neces- 
s a r y  to lower uncertainties. The onboard measurements ,  however, 
barely improve on the a p r io r i  estimate of the vehicles' state vectors  
received from the ground. 

3. Based on previous MSC studies, S-IVB tumbling should not 
significantly effect orbit  determination ac curacy. 

9 
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* Table II. One Sigma Values of Onboard E r r o r  Sources 

Noise Bias 

E r r o r  in vehicle-to-vehicle angular measurements:  0. 2 mrad  0. 2 mrad 

:k*K-factor o r  drag factor uncertainty: 0. 25 ( represents  25'70 
of nominal drag) 

* The l a  e r r o r s  for  accelerometers and gyros a r e  classified, but may be 
obtained f rom References 4 and 5. * >: 

Assumed f o r  this study 
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. 

Table V .  Covariance Matrices (One Sigma) 

Forma t  for  Covariance Matrices 

s ymme t r i c a1 

The coordinate system f o r  the covariance matr ices  is described below: 

u - is in the direction of the geocentric radius vector of the 
vehicle at the t ime of the event 

v - is orthogonal to u, pointing downrange in the orbit  plane 

The units f o r  position and velocity a r e  feet and feet per  second, 
respectively. 
the CSM. The means presented a re  in feet and feet per  second. 

The relative covariance matr ices  a r e  in  the coordinates of 

17 
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